Effects of changes in extracellular potassium, magnesium and calcium concentration on synaptic transmission in area CA1 and the dentate gyrus of rat hippocampal slices.
The dependence of stimulus-induced synaptic potentials on changes of extracellular ionic concentrations of potassium ([K+]o 3, 5, 8 mM), magnesium ([Mg2+]o 2, 4, 8 mM) and calcium [Ca2+]o (2 mM and continuous lowering by washing with Ca2(+)-free solutions) was investigated in area CA1 and dentate gyrus of rat hippocampal slices. Field potentials (fps), [K+]o and [Ca2+]o were measured with double-barreled ion selective/reference microelectrodes. Paired pulse stimulation (interval 50-ms) was applied either to the lateral perforant path or to the Schaffer collaterals. Elevation of [K+]o from 5 to 8 mM and of [Mg2+]o from 2 to 8 mM depressed the rise of excitatory postsynaptic potentials, as well as the amplitude of population spikes. With elevation of [K+]o, the effect was stronger in the dentate gyrus, while with elevation of [Mg2+]o, the reduction was more pronounced in area CA1. During washout of Ca2+, synaptic potentials became reduced and finally depressed. The [Ca2+]o at which synaptic transmission was blocked increased with higher [Mg2+]o and decreased with a change of [K+]o from 3 to 5 mM, whereas with an elevation of [K+]o from 5 to 8 mM, it rose in area CA1 but was reduced in dentate gyrus. All ionic changes also affected frequency habituation and potentiation in paired pulse experiments. In dentate gyrus, frequency habituation was reversed to frequency potentiation with moderate lowering of [Ca2+]o and with elevation of [Mg2+]o and [K+]o. In contrast, in area CA1 frequency potentiation was reduced upon elevation of [K+]o.